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The process :  
We got selected, now we have to build it, show it works!

 Contributions from Ph. Lognonné (IPGP), B. Banerdt (JPL), M. Golombek(JPL)



Historical Context
At the dawn of the age of planetary exploration,       
seismology was considered a key technique for 
understanding a planet.


The first instruments sent to the surface of 
another planet were seismometers.


Rangers 3-5, 1962


The two highest scientific priorities of the 
Apollo program were sample return and 
seismology.


Apollos 11,12,14,15,16, 1969-1977


The first landers on Mars carried seismometers.


Viking 1,2 ; 1975-1977

19 months of operations

10^-6 m/s^2/√Hz sensitivity

1 failed, one measured the wind NASA
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Why planetary seismology ?

Wieczorek et 
al. 2006 

Apollo%heritage%
Grand&Tack&scenario&:&late&heavy&bombardment&–
w/&water9rich&comets&

Water&abundance&ini-al&condi-ons&
&triggers&plate&tectonics&start&?&

(S&Raymond,&K.&Walsh)&

Planetary Seismology tells the story of the solar system 

NASA/NRC'



Seismology basics
•  Seismology use the transmission of waves through various  materials to 

derive the structure of the medium seen along the path 
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“Introduction To Seismology, Earthquakes, and Earth Structure” by Stein & Wysession, Blackwell Publishing

The seismic wavefield is generated at the source and modified by propagation through

the earth medium where is reflected, transmitted, focused, scattered, and attenuated. Our

knowledge of earthquake processes and earth structure comes from both forward

modeling and inversion of earthquake travel-time and ground-shaking data.
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What is a seismometer ?
A seismometer is just a (very) long period, very, very sensitive accelerometer 
which measures the ground motion…It is most of the time based on analog 
measurements : no « cool factor » …( e.g no laser shooting, no 3D image)


However ..


Visible IR Imagers , Spectrometers : first microns


Neutrons : up to a meter


GPR : meters to km (best cases )


Seismometers : sounding down to the planet core


Seismology with several stations (e.g Apollo, Netlander) :  sounding with 
“classical” ray inversion


Seismology with one station (like Insight)



Historical Context :  
Most recent efforts

CREDITS CNES, ESA



Historical Context
Since Viking, despite continuous efforts, no 
geophysical mission has made its way to Mars

OH.. YOU MUST BE A  
PLANETARY SEISMOLOGIST



Historical Context
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Me	  !

InSight	  !



                              GEMS  2006

From GEMS(06) to Insight 

NASA



From GEMS(06) to Insight 

2010 Discovery Proposal


PI : W.B.Banerdt


!

June 2011 Step 1 selection


August 2012 Step 2 selection 





InSight Mission
InSight will fly a near-copy of the 
successful Phoenix lander


Launch: March 4-24, 2016 from 
Vandenberg AFB


Fast, type-1 trajectory, 6.5-mo. cruise to 
Mars


Landing: September 28, 2016


67-sol deployment phase


Two years (one Mars year) science 
operations on the surface; repetitive 
operations


Nominal end-of-mission: October 6, 2018

VANDENBERG



Spacecraft configuration

3 instruments : a focused payload



THE DAY BEFORE : THE 
SITE VISIT : HARD WORK

No pressure ….
Bad Food (no time)

Rehersal … 
  Rehersal … 

      Rehersal …



The day after ….



Mission 
can be 
stopped at 
any of the 
red triangle

Step 2

Development
PDR
CDR

Step 1

ATLO

The Day after selection  : even more work

(NASA systems engineering Handbook)
6 z NASA Systems Engineering Handbook

2.0 Fundamentals of Systems Engineering

iteratively to integrate the smallest product into greater 
and larger systems until the whole of the system has been 
assembled, verified, validated, and transitioned.

2.2 An Overview of the SE Engine by 
Project Phase

Figure 2.2-1 conceptually illustrates how the SE engine 
is used during each of the seven phases of a project. 
Figure 2.2-1 is a conceptual diagram. For all of the de-
tails, refer to the poster version of this figure, which ac-
companies this handbook.

The uppermost horizontal portion of this chart is used as 
a reference to project system maturity, as the project pro-
gresses from a feasible concept to an as-deployed system; 
phase activities; Key Decision Points (KDPs); and major 
project reviews.

The next major horizontal band shows the technical de-
velopment processes (steps 1 through 9) in each project 
phase. The systems engineering engine cycles five times 

from Pre-Phase A through Phase D. Please note that 
NASA’s management has structured Phases C and D 
to “split” the technical development processes in half in 
Phases C and D to ensure closer management control. The 
engine is bound by a dashed line in Phases C and D.

Once a project enters into its operational state (Phase E) 
and closes with a closeout phase (Phase F), the technical 
work shifts to activities commensurate with these last 
two project phases.

The next major horizontal band shows the eight tech-
nical management processes (steps 10 through 17) in 
each project phase. The SE engine cycles the technical 
management processes seven times from Pre-Phase A 
through Phase F. 

Each of the engine entries is given a 6105 paragraph label 
that is keyed to Chapters 4.0, 5.0, and 6.0 in this hand-
book. For example, in the technical development pro-
cesses, “Get Stakeholder Expectations” discussions and 
details are in Section 4.1. 

Pre-Phase A:
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Key Decision Points:

Major Reviews:

Feasible Concept Top-Level Architecture Functional Baseline Allocated
Baseline As-Deployed  Baseline
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Figure 2.2-1  A miniaturized conceptualization of the poster-size NASA project life-cycle process flow for 
flight and ground systems accompanying this handbook



Various points of view

Building an instrument requires several points of view



A small number of lessons learned (and 
it’s not the end of the story)

Build strong requirements


Build strong development plan with ample margins


Pass early shock and vibe tests -  integrate early subsystems


Use space qualified parts early in the design (if possible)


Plan early the validation and verification strategy


Make an instrument that can be tested on Earth (as far as possible)


It’s a lot of work : have a good team and keep the good team spirit in 
all circumstances



Build strong requirements
Strong missions and instrument requirements are the key to a 
successful project


It’s not only « paperwork » or wasted time. A good or bad set of 
requirements will enable good communication with the team 
actually building the instrument or the mission. It drives the 
mission cost very early 


It must be understandable and verifiable by anyone not familiar 
with the science details : this is what *will* happen eventually


Small is beautiful : a good requirement document is a document 
where you cannot delete something



A strong and robust 
science case is required

(INSIGHT TEAM)

Mission

System

Instrument

Payload



Because you have no assurance 
that everything will be fine …(*)

(*) ACTUALLY YOU CAN BE SURE THAT THINGS WILL GO WRONG



The performance flowdown 
drives the requirements



You need a good model for 
performance reconstruction



Development plan needs 
ample margins
Development plan must must 

be setup carefully to match  

mission objectives ….. 

and ressources 

EQM can sometime be considered as schedule margin



Qualified parts
Use qualified parts early in the 
design


You cannot base your design 
on regular performance parts


Space qualified parts are very 
limited in number and are low 
performance


Qualification of new parts is 
lengthy and costly

13 pages (only)



Shock and vibe early
Science instruments are often very fragile, and a mechanical 
weakness is likely to have severe impact on the design



Integrate subsystems early

Most of the time, science probes are the result of 
an international collaboration


Example : ChemCam (Los Alamos Laboratories, 
IRAP) or SEIS (F, UK, D, CH, US)


Issues in the interfaces can happen


The sooner they are detected, the better



Plan early the validation 
process

What is the VnV ?


Verification and validation 


Why plan early ?



Make an instrument that 
can be tested on Earth

?

Apollo 17 gravimeter could 
not operate on the Moon 
due to a flaw in the design



Tight Schedule for SEIS 



Tight schedule also for the 
mole



Where are we today
Passed PDR and Confirmation Review 

In Development and Fabrication 

On Budget – Reserves Exceed NASA Guidelines 

On Schedule – Margins Exceed what Proposed 

Instrument & System Capabilities Exceed All Science Reqs 

May 2014: Critical Design Review 

October 2014: System Integration Review


January 2015: Deliver instruments to ATLO


Participating Scientist Program 


~dozen new scientists before launch


November 2015: Confirm landing site


December 2015: Ship to Vandenberg


March 2016: Launch


September 2016: Landing


October 2018: End of primary mission



It’s a lot of work : keep 
team spirit at all costs

Pictures : L. Kerjean



And maybe …

?

132 AD 1889 AD 2016 AD ?


